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INTRODUCTION
The possibility of combining two properties like magnetic coupling and spin crossover ͑SCO͒ in a polynuclear molecule was realized by O. Kahn almost two decades ago. 1 It was foreseen that the magnetic signal of the material could be modulated as a result of the interplay between the two phenomena. The first stage in this direction was the synthesis of 2,2Ј-bipyrimidine ͑bpym͒ bridged iron͑II͒ binuclear SCO compounds. A revision of this family of compounds has been recently reported. 2 The most singular compound of this family is ͕͓Fe͑bt͒͑NCS͒ 2 ͔ 2 bpym͖, represented in Fig. 1 , where bt is the peripheral organic ligand 2 , 2Ј-bithiazoline, which represents the first example of thermally induced two-step spin conversion in a binuclear species. 3 A singular feature stemming from the binuclear nature of this compound is the generation of a negative short-range interaction, which can be called as an antiferromagnetic-like interaction. 4, 5 In contrast to molecular magnetism, such an interaction has essentially a steric and/or elastic origin. The very simple idea was that a volume change of one iron center of the dimetallic molecule due to the spin crossover phenomenon leads to an increase of the energy gap between the high spin ͑HS͒ and the low spin ͑LS͒ levels of the second iron metal. This effect arises from an intramolecular pressure generated by the first metallic center, leading to a shift of the crossover temperature of the second center toward higher temperatures, generating thus, a two-step spin crossover. In the same paper 3 a macroscopic theoretical approach using negative interaction of pairs ͑intramolecular͒ has been proposed, then later a microscopic Ising-like model has been introduced based on a ferro-like cooperative interaction for the long-range interactions and an antiferro-like interaction for the short-range interaction. 4 Both interactions have been treated in the mean-field approximation. This model reproduced well the main two-step spin crossover behaviors. Later, the antiferro-like interaction was treated with an exact approach in Ref. 5 .
It has been demonstrated in this work that for a certain balance between negative and positive interactions, a twostep spin crossover may be observed even for homogeneous ferro-like interaction in the material. 5 Such a situation led to a double symmetry breaking ͑reentrant effect͒ around two Néel temperatures, leading to an antiferro-like phase sepa- Density functional theory ͑DFT͒ calculations on the binuclear complex ͕͓Fe͑bt͒͑NCS͒ 2 ͔ 2 bpym͖ have also been performed with the goal to characterize energies, geometric, and electronic structure in three possible electronic states ͓LS-LS͔, ͓HS-LS͔, and ͓HS-HS͔. 10 The self-consisted procedure converged to three states with spin densities corresponding to expected values of local spins: 0-0, 0-2, and 2-2. If the first and the last states have been obtained, supposing a center of the symmetry in the complex, the mixed state is clearly characterized by loss of the central symmetry. However, in all states the bridging ligand keeps its quasiplanar structure. The iron-nitrogen distances vary from 2.00 to 2.29 Å for the high-spin center, whereas for the low-spin center the dispersion is much smaller: 1.94-1.99 Å. The mean iron-nitrogen distance ͑2.06 Å͒ is slightly lower than halfway between the ͓LS-LS͔ and ͓HS-HS͔ states ͑1.97 and 2.17 Å, respectively͒. The energy of the mixed state lies also slightly lower than halfway between the ͓LS-LS͔ and ͓HS-HS͔ states, thus satisfying a necessary condition 3 for the two-step character of the spin transition. In the language of phenomenological models, this stabilization of the mixed state can be seen as a manifestation of the "antiferro"-like elastic interaction between individual centers. Quantum-chemical calculations with the broken symmetry method also allowed determination of the value of the electronic antiferromagnetic exchange interaction, which is active only in the hightemperature ͓HS-HS͔ state.
Following the first photomagnetic studies by Létard et al., [11] [12] [13] who observed a LS-LS→ HS-HS photoconversion under red light irradiation, the photomagnetic properties of the ͕͓Fe͑bt͒͑NCS͒ 2 ͔ 2 bpym͖ compound have been reexamined.
14 Using Raman spectroscopy, it was possible to give spectroscopic evidence for the LS-LS→ HS-HS photoswitching process with excitation in the red region. Moreover, we have shown that infrared light ͑1342 nm͒ selectively photoconverts the fundamental LS-LS state to the HS-LS state, revealing a direct experimental evidence of the symmetry breaking in this compound, as predicted in 1993, 5 and in agreement with Mössbauer spectroscopy experiments. 2 In the present work, we investigate in-depth the lightinduced excited spin state trapping ͑LIESST͒ phenomenon in the compound ͕͓Fe͑bt͒͑NCS͒ 2 ͔ 2 bpym͖ by using different and complementary techniques ͓Fourier transform infrared ͑FTIR͒, x-ray diffraction, and magnetic susceptibility measurements͔ and DFT calculations. The results presented here make it possible to address two questions of primary importance: is there any long-range ordering in the crystal accompanying the loss of inversion symmetry of the HS-LS molecular state? Is it possible to trigger photoinduced effects between excited states and what is their nature?
I. EXPERIMENTS
Photomagnetic measurements were performed on a thin layer of polycrystalline compound ͑synthesis according to Ref. 3͒ using a magnetic property measurement system ͑Quantum Design͒ operated at 1 T between 2 K and 400 K and equipped with a sample rod allowing irradiation of the sample via fiber optics. For the irradiation setup two lasers were used: a Nd: YVO 4 laser ͑1342 nm, 10 mW/ cm 2 ͒ and a laser diode ͑785 nm, 20 mW/ cm 2 ͒. Infrared absorption spectra of ͕͓Fe͑bt͒͑NCS͒ 2 ͔ 2 bpym͖ were acquired in KBr pellets by means of a Shimadzu Prestige-21 FTIR spectrometer. The sample was pelletized without grinding. Spectra were recorded between room temperature and 15 K in the 4000− 400 cm −1 frequency range. The experimental setup allowed us to irradiate the sample with red ͑785 nm͒ or nearinfrared ͑1342 nm͒ light at 15 K and record IR spectra of the irradiated zone. The light of the HeNe laser ͑calibrating the interferometer in the FTIR instrument͒ was obstructed by a needle. UV visible ͑UV-VIS͒ absorption spectra of ͕͓Fe͑bt͒͑NCS2͒ 2 ͔ 2 ͑bpym͖͒ were obtained in KBr pellets using a Shimadzu UV-3150 spectrometer. Spectra were recorded between room temperature and 15 K in the 300-1500 nm wavelength range. Thermal and photoinduced switching were investigated by x-ray diffraction on single crystals, obtained by cutting of twined ones as received from the synthesis. X-ray data were collected on a four-circle Oxford Diffraction Xcalibur 3 diffractometer ͑Mo K␣ radiation͒ with a two-dimensional ͑2D͒ sapphire 3 charge coupled device ͑CCD͒ detector, on samples with typical sizes around 100ϫ 100ϫ 100 m 3 in different experimental conditions. The single crystals were mounted either in an Oxford Diffraction Helijet helium-flow cryostat, allowing temperatures reaching 20 K, or in an Oxford Cryosystems nitrogen-flow cryostat, allowing a better control of the temperature down to 78 K. The unit cell parameters and the data reduction were obtained with CRYSALIS software from Oxford Diffraction. 15 The structures were solved with SIR-97 16 and refined with SHELXL97. 17 Typical results of the structure refinement of the stable and photoinduced states gave final R factor 0.03 Ͻ R Ͻ 0.055. The detailed structural analysis will be published elsewhere.
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II. DENSITY FUNCTIONAL CALCULATIONS
The vibrational frequencies of the complex ͕͓Fe͑bt͒͑NCS2͒ 2 ͔ 2 ͑bpym͖͒ in three spin states have been calculated starting from equilibrium geometries obtained in previous DFT calculations. 10 As it is meaningless to compute frequencies with a method other than that used for the stationary points determination, the computation details are exactly the same. The frequency calculations have been performed using GAUSSIAN 98 ͑A7 version͒ package. 19 The LANL2DZ basis set, including the double-basis with the Los Alamos effective core potential for Fe, S, and Se, and the Dunning-Huzinaga all-electron double-basis set with polarization functions for the H, C, and N atoms, have been used. 20, 21 The B3LYP * exchange correlation functional, specially adapted for spin transition systems, has been chosen. 22 Special attention has to be paid to the assignment of calculated vibrational frequencies and their comparison in different spin states. As the shape of force fields changes with the spin state, not only frequencies of normal vibrations vary but also their composition. The comparison of different normal vibrations based on their visual representation, as it has been done in several publications, can be inexact if we do not deal with characteristic vibrations. In order to avoid this difficulty, we proposed a method based on the calculation of projections of normal vibration vectors in one spin state on vectors in another state and then on the selection of counterparts corresponding to the most important projection coefficients.
III. RESULTS AND DISCUSSION
A. Magnetic and spectroscopic studies
Figures 2͑a͒ and 2͑b͒ show the variation of the m T product ͑where m stands for the molar magnetic susceptibility͒ upon light irradiation at 10 K and subsequent heating as a function of the time and temperature, respectively. The sample was first cooled to 10 K in the dark to obtain the LS-LS state ͑ m T = 0.3 cm 3 mol −1 K͒. It was then irradiated by red light ͑t = 0 min͒, leading to an increase of the m T product to ca. 1.4 cm 3 mol −1 K. After saturation of the magnetization ͑t = 610 min͒, we heated the sample to 45 K. Upon heating, the magnetization increased strongly and at 45 K the m T product reached a value of 4.4 cm 3 mol −1 K. As it was shown earlier, this behavior can be associated with the formation of HS-HS pairs ͑LIESST effect͒, in which the magnetic moment is quenched at low temperatures due to the antiferromagnetic coupling between the two HS iron ions. 11 In a next step, the sample ͑still in the HS-HS state!͒ was cooled back to 10 K ͑t = 660 min͒ and was irradiated by IR light ͑t = 920 min͒. This irradiation led only to a slight increase of the m T product from 1.4 to 1.9 cm 3 mol −1 K. Subsequent heating to 45 K ͑t = 1410 min͒ led to a m T value of 3.2 cm 3 mol −1 K, which is significantly lower than the value of 4.4 cm 3 mol −1 K obtained after red light irradiation. We can explain tentatively this change in the magnetic behavior by a reverse LIESST effect, i.e., the infrared light transforms ͑at least partially͒ the HS-HS molecules into HS-LS pairs. As a final step, we cooled back the sample to 10 K ͑t = 1455 min͒ and irradiated it again by red light ͑t = 1600 min͒, leading to a slight decrease of the magnetization. When heating to 45 K ͑t = 2030 min͒, we observed again the strong increase of the m T product to 4.4 cm 3 mol −1 K. These photomagnetic experiments suggest that irradiating the HS-HS state by infrared light leads to the formation of the HS-LS state and subsequent red light irradiation of the HS-LS state leads again to the pure HS-HS form. To clarify these hypotheses we decided to employ FTIR spectroscopy. ͑Raman spectroscopy cannot be readily used for such double-excitation experiments because of the difficulties to probe the same volume by red and infrared lights in the strongly absorbing powder sample. On the other hand, in infrared spectroscopy the dilution of the sample in KBr pellets allows good control of the irradiation volume.͒ Figure 3 displays IR absorption of the sample in the region of CN stretching modes at different temperatures and under light irradiation.
At 280 K one can observe two CN stretching modes at around 2080 and 2090 cm −1 . These modes were assigned to the HS state. 13 In the plateau region ͑180 K͒, two new modes appear at around 2110 and 2125 cm −1 , which can be associated with the LS state. 13 These modes increase further in intensity when cooling to 100 K and in the same time the intensity of the HS modes at 2080 and 2090 cm −1 decreases. There remains a small amount of residual HS fraction even at 15 K, but this has also been observed in Mössbauer experiments previously. 3 When the sample is shined with 1342 nm light at 15 K the intensity of HS modes increases for the detriment of LS modes and the spectrum of the photoinduced state corresponds to the spectrum in the plateau region ͑180 K͒. In the next step, the sample was irradiated at 15 K by red light, leading to a pure HS spectrum ͑HS-HS state͒. Then, irradiation of this HS-HS state by IR light led again to the HS-LS spectrum. These experiments corroborate perfectly the photomagnetic measurements and give therefore a spectroscopic evidence for the following photoinduced effects:
In other words, the nature of the photoinduced state only depends on the irradiation wavelength and not on the initial state ͑stable or photogenerated͒. An open question is the origin of this effect. The most obvious explanation would be to suppose that it is simply related to the absorbance of the sample at 1342 nm in the three states. Therefore we have recorded UV-VIS spectra of the sample in the three states ͑LS-LS, HS-LS, HS-HS͒. These spectra confirmed that at 1342 nm the sample has the highest absorption in the LS-LS state, but no significant difference was observed between the plateau region ͑HS-LS͒ and room temperature ͑HS-HS͒͑ see supplementary material 23 ͒. Time-resolved experiments will therefore be necessary to better understand the dynamics in the relaxation process that follows light excitations at different wavelengths.
B. Structural analysis of the photo-switching
In the family of spin transition materials, it is well known that important structural changes occur at the level of the coordination sphere surrounding Fe atoms, associated with the change of electronic state. A typical signature is the shift of the Fe-N distances from around 2.2 Å in the HS state to 2.0 Å in the LS state and thus important changes in the volume of the crystal take place. 24 Figure 4 shows the temperature dependence of the volume, where two anomalies at around 200 K and 160 K sign the presence of the intermediate HS-LS state. At 23 K, the crystal in the LS-LS state switches by the irradiation at 808 nm ͑0.26 mW/ cm 2 ͒ to the HS-HS state, characterized by a volume of ca. 844 Å 3 , whereas the irradiation at 1310 nm ͑0.13 mW/ cm 2 ͒ switches the crystal to the HS-LS state, characterized by a volume of ca. 828 Å 3 . The complete transformations take place within a few minutes, as shown in Fig. 5͑a͒ . In agreement with the magnetic and FTIR data, it is possible to switch in a reversible way between the two photoinduced states ͑HS-HS and HS-LS͒ by choosing the appropriate laser excitation wavelength. Indeed, the HS-HS state is generated from both the LS-LS and HS-LS states by irradiation at 808 nm, and the HS-LS state is generated from the LS-LS and HS-HS states by irradiation at 1310 nm.
These results show that one can easily increase and decrease the volume of the crystal by laser excitation. It is noticed that the change of the volume occurs gradually with a gradual shift of the Bragg peaks in the reciprocal space ͑see the movie in supplementary material 23 ͒, contrary to what is observed in the case of orthorhombic ͓Fe͑PM-BiA͒ 2 ͑NCS͒ 2 ͔ ͑Ref. 25͒ or ͓Fe͑2-picolylamine͒ 3 ͔Cl 2. EtOH, 26 where a phase separation process takes place, indicating that the cooperative interactions between the photoinduced molecules are not so strong and the concentration of photodoped molecules is homogeneously increased within the crystal. In addition to the change of the volume, the change of the intensity of some Bragg peaks is a strong signature: the structural reorganization affects the intensity of the Bragg reflections. Figure 5͑b͒ shows the time dependence of the intensity of some Bragg peaks at 23 K, between the LS-LS, HS-LS, and HS-HS states.
Both Figs. 5͑a͒ and 5͑b͒ demonstrate the reversible structural rearrangement between the different states. Furthermore, the structures obtained for the photoinduced HS-LS and HS-HS states 18 are comparable with the adequate ones at thermal equilibrium, 7 showing that the photoswitching is complete.
Indeed, more detailed information was obtained at the molecular level by solving the structure of the different states ͑23 K for the photoinduced HS-HS and HS-LS states, 293 K and 250 K for the HS-HS state, 189 K, 185 K and 180 K and 175 K for the HS-LS state, at 130 and 23 K for the LS-LS state͒.
As already performed for the different states at thermal equilibrium, 7 the different structures and especially the ones of the photoinduced HS-HS and HS-LS states were refined in the P 1 space group, where the binuclear molecules are located on an inversion symmetry site ͑Fig. 1͒. The main signature is associated with the important changes of the ͗Fe-N͘ bond length from 1.954͑3͒ Å in the LS-LS state to 2.081͑5͒ Å in the photoinduced HS-LS state and 2.152͑3͒ Å in the photoinduced HS-HS state. These values are very similar to the ones observed during the thermal transition on the plateau in the HS-LS state ͑that is in the range of 2.05-2.09 Å between 175 K and 189 K͒ and in the HS-HS state 2.150͑6͒ -2.160͑6͒ Å between 250 K and 300 K. Therefore, there is a clear structural signature associated with the generation of the HS-HS or HS-LS states, and here again it is reversible. This result is very interesting in that it demonstrates the possibility to generate photoinduced transformation between excited states ͑photoinduced HS-HS and HS-LS states͒ and it opens fascinating possibilities both from the experimental, theoretical, and applied point of view.
C. Symmetry of the HS-LS state
As it is indicated below and demonstrated in Ref. 14, the formation of photoinduced HS-LS state involves spontaneous symmetry breaking. To be exact, for binuclear spincrossover compounds, it is a double symmetry breaking at two Néel temperatures, when the HS population of one metallic center becomes different than the HS population of the second center in the network. In other words, if we defined n = n HSA − n HSB , where A and B design the two metallic centers of the molecule, n has the definition of an order parameter in the general Landau theory and the symmetry breaking is obtained in the temperature interval between T N + and T N − for which n becomes 0. 5 From the structural point of view, it is essential to be more explicit on the structural symmetry changes at T N + and T N − , i.e., space group and molecular site symmetry changes, and eventually to indicate which type of structural symmetry breaking may be observed.
The symmetry breaking in the HS-LS state is an important issue that has to be discussed. Raman and Mössbauer spectroscopy 8, 9, 14 have evidenced that the intermediate HS-LS state observed under irradiation at 1342 nm or in the temperature range of 160-200 K is not a mixture of HS-HS and LS-LS states but that a third molecular state appears. This HS-LS state is associated with the loss of the inversion symmetry on the molecule. 8, 9, 14 In order to describe the crystalline nature of this HS-LS state, one has to describe how the HS-LS molecules rearrange in the crystal and whether or not the symmetry breaking at the molecular level appears on the three-dimensional ͑3D͒ crystalline structure. A comparison of these experimental results with x-ray diffraction data makes it possible to discuss it in terms of structural broken symmetry. The structural analysis of the HS-HS and LS-LS spin states of the binuclear compounds describe them as P l . The molecules are located on inversion symmetry sites, so that the two Fe sites of the molecules are equivalent by symmetry, as schematically shown in Fig. 6͑a͒ . In the HS-LS state, different possibilities exist regarding the 3D crystalline order, since when binuclear molecules in the HS-LS state form, the inversion symmetry is lost on the molecule. From the space group point of view, it means that another symmetry operator may have to be lost. The Landau theory of phase transition and ordering phenomena was applied to the spin transition, discussing the possibility of ordering between HS and LS sites. 27, 28 Therefore the crystalline structure of the binuclear complex may be discussed as a set of mononuclear sites related by inversion symmetry, where the population of HS state may differ from site-to-site.
One possibility is the loss of translation symmetry ͓Fig. 6͑b͔͒, where the loss of inversion symmetry couples with a cell doubling along one direction, for example. The inversion symmetry between the molecules is kept so that the space group remains P l . In such a case, superstructure reflections should be observed since the structural rearrangement at the molecular level between HS and LS sites is important, as observed in ͓Fe͑2-picolylamine͒ 3 ͔Cl 2. EtOH, [26] [27] [28] or in some other compounds 29, 30 as well. We looked carefully for such signatures in the diffraction data, but no change of translation symmetry was observed.
Another possibility is that the translation symmetry is kept and that the inversion symmetry on the molecules and between the molecules is lost ͓Fig. 6͑c͔͒. In such a case, the space group changes from P l to P 1 . The atomic motions between the HS and LS states are so large that when the structure of the intermediate state is solved, significant differences between Fe-N bond lengths of the HS and LS sites should be observed. We solved the structure in the P 1 space group and such differences could not be observed. It also has to be noticed that in such a case, the HS-LS state will be associated with two symmetry-breaking order parameters ͑one describing the loss of inversion symmetry on the molecules and the other one between the molecules͒.A si ti s well known from the Landau theory of phase transition, when two such symmetry-breaking order parameters couple in the development of the free energy in a biquadratic term, only first-order phase transition will be possible between the HS-HS and HS-LS states and between the HS-LS and LS-LS spin states. In this compound, a gradual change occurs between the HS-HS and HS-LS states and also between the HS-LS and LS-LS states. Therefore, by considering the Landau theory, it is another indication that the HS-LS state cannot be P 1 , since two first-order transitions should take place. The case where an ordering of binuclear molecules in the HS-HS state and binuclear molecules in the LS-LS state takes place ͓Fig. 6͑d͔͒ will also be associated with a change of the translation symmetry not observed here, as mentioned before. In addition, Mössbauer spectroscopy and Raman spectroscopy indicated that the symmetry is broken at the molecular level. Therefore, from the x-ray diffraction experiments, it comes out that the space group remains P l and that no change of symmetry occurs on the average 3D structure. In comparison with the Raman scattering experiments, the results reveal that this intermediate state is made of HS-LS binuclear molecules, which are fluctuating in space and eventually in time. As Raman scattering is a fast and local probe, it can watch the symmetry breaking on the molecule. However, as no correlation exists from site-to-site, x-ray diffraction will only see an average state where molecules will have a probability of 1 2 to be in the HS-LS molecular state and the same probability to be in the HS-LS one ͓Fig. 6͑e͔͒. The disordered structure P l of the HS-LS crystalline state is then isostructural to both the HS-HS and LS-LS ones.
The value of the ͗Fe-N͘ bond length in the HS-LS state on the plateau or in the photoinduced state varies between 2.05 Å ͑175 K͒ and 2.09 Å ͑189 K͒. It is close to the average value of 2.05 Å between the HS-HS ͑Ϸ2.15 Å͒ and LS-LS states ͑Ϸ1.95͑1͒ Å͓͒ Figs. 6͑e͒ and 6͑c͔͒ that we should observe, if we assume that for the molecules in the HS-LS state the average value of the ͗Fe-N͘ bond length on the LS site is the same as for the completely LS-LS, and vice versa for the HS site. As pointed out before, a slight deviation from the average can be explained by the antiferro-like coupling between the two sites that will result in a local pressure.
D. Density functional results
It should be noted that these calculations are done for an isolated molecule. To be exact, it should be extended ͑more difficult͒ to the crystal. The calculated vibrational frequencies are given in the supplementary material. 23 In the centrally symmetrical ͓LS-LS͔ and ͓HS-HS͔ states all normal vibrations can be divided in even and odd combinations. The frequency splitting between even and odd counterparts measures the elastic interaction strength between two vibrations localized in two parts of the molecule and connected by the inversion symmetry. The analysis of the shape of normal vibrations allows assigning the vibrations in the range 1420-1550 cm −1 to ring deformations and interring stretching of the bridging bpym ligand, in agreement with our previous assignments. 14 The four frequencies around 2050-2100 cm −1 correspond to CN stretching vibrations, in agreement with our Raman and FTIR results. The even and odd vibrations are formed by "symmetric" and "antisymmetric" combination of local vibrations of two NCS ligands around each iron center. It can be seen that the splitting between even and odd components is rather small in the ͓LS-LS͔ and ͓HS-HS͔ states. In principle, two peaks could be expected for both states. Although the calculated frequencies ͑2046 and 2063 cm −1 for the ͓HS-HS͔ and 2093 and 2107 cm −1 for the ͓LS-LS͔ state͒ are slightly lower than the experimental ones ͑2080 and 2090 cm −1 for the ͓HS-HS͔, 2110 and 2125 cm −1 for the ͓LS-LS͔ states͒, the splitting between local "symmetric" and "antisymmetric" vibrations ͑ϳ10-15 cm −1 ͒ is nicely reproduced by the calculations. In the mixed ͓HS-LS͔ state the normal vibrations lose the sig- nature of even or odd representation and correspond to combinations of stretching vibrations around each iron center. The obtained four frequencies cover the whole range characteristic for both ͓LS-LS͔ and ͓HS-HS͔ states. This dispersion of vibrations of the same type also displays the loss of the dimer symmetry in the intermediate state.
CONCLUSIONS
In our previous paper 14 we have demonstrated a selective photoswitching phenomena from the fundamental LS-LS state to the metastable HS-LS ͑1342 nm͒ and HS-HS ͑647 nm͒ states at low temperatures. In the present paper we provide clear experimental evidences from different techniques that a reversible photoconversion occurs between the two metastable states: HS-LS→ HS-HS ͑red light irradiation͒ and the reverse HS-HS→ HS-LS ͑infrared light͒.I ta ppears, therefore, that the mechanism of selective photoexcitation is related to the reverse-LIESST phenomenon under infrared excitation. These results demonstrate the high phototunability of this system, associated with the selective and reversible photoswitching between the metastable states. Finally, it comes out that the photoinduced state only depends on the irradiation wavelength and not on the initial state.
From the x-ray analysis, it comes out that the HS-LS state is a mixture of molecules in the indistinguishable HS-LS and LS-HS states. The gradual change of the volume during laser excitation or as a function of temperature characterizes a double-crossover phenomenon in a three-state model ͑LS-LS, HS-LS, and HS-HS͒, in agreement with the magnetic properties, since no long-range structural symmetry breaking appears in the HS-LS state, neither at thermal equilibrium nor under laser irradiation. Therefore, in the model developed by Bousseksou et al., 5 the order parameter ͑pure magnetic parameter͒ defining the difference of population on one site of HS and LS molecules, showing a symmetry breaking, concerns only the magnetic states and the local molecular structure ͑as inferred from the DFT calculations and vibrational spectra͒. It corresponds, from a structural point of view, with regard to the Landau theory of phase transitions, 28 to the isostructural scenario.
